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Description 

[0001] The present invention relates to a process for the production of (-)-epigallocatechin gallate (EGCG). The 
invention particularly relates to a process for the production of EGCG by separation from tea catechins involving treat- 

s ment with a macroporous polar resin. 

[0002] Leaves of the green tea plant camellia sinensis contain up to 36% polyphenols on a dry weight basis, how- 
ever, their composition varies with climate, season, variety and state of maturity. Green tea catechins are the predomi- 
nant group of green tea polyphenols. Examples of catechins are (-)-epicatechin (EC), (-)-epigaiiocatechin gallate 
(EGCG), epigallocatechin (EGC) and epicatechin gallate (ECG). 

w [0003] EGCG is the most interesting compound among the above mentioned catechins because it exhibits a strong 
antioxidant effect. Furthermore, it has been demonstrated that EGCG has an antimutagenic effect, an antibacterial 
effect and also a beneficial effect on cholesterol level in blood. The other catechins present in tea are much less effec- 
tive. Green tea also contains other components such as caffeine, proteins, pectins and/or metal ions which might not 
be desirable. 

is [0004] There is therefore a need to isolate EGCG in a pure form in high yield by a simple and economical process. 
However, the structural similarities of the various tea catechins make the separation of the individual catechins difficult. 
Furthermore, the catechins in tea are normally accompanied by caffeine being present in an amount up to 4% of the 
dry mass of the green tea leaves. Caffeine is known to associate with the catechins and is not trivial to remove. 
[0005] The production of green tea extracts is well known in the art. US Patent No. 5,879,733 describes the prep- 

20 aration of a green tea extract having improved clarity and color. The tea extract is obtained by treating the green tea 
extract at a temperature in the range of 25° C to 60° C with an amount of a food grade cation exchange resin effective 
to remove metal cations present in the extract. The treated extract is then contacted with a nanofiltration membrane. 
However, the process described in US 5,879,733 is not suitable to separate EGCG from a mixture of tea catechins. 
[0006] US Patent No. 4,613,672 describes a process for the preparation of pure EGCG which process comprises 

25 the following steps: Tea leaves are extracted with hot water or with aqueous solutions of 40-75% methanol, 40-75% eth- 
anol or 30-80% acetone. The obtained extract is washed with chloroform and the washed extract is dissolved in an 
organic solvent. The organic solvent is distilled off, and the concentrated extract component is subjected to high speed 
liquid chromatography using a reverse-phase partition column with a developer of acetone/ tetrahydrofu ran/water (0- 
25:0-35:65-85, vol%),whereby each of (-) epicatechin, (-) epigallocatechin, (-) epicatechin gallate and (-) epigallocate- 

30 chin gallate is isolated from one another. The process described in US Patent No. 4,613,672 does not permit an eco- 
nomical production of EGCG in a technical scale because of the use of expensive column fillings. Furthermore the 
process described in US Patent No. 4,613,672 does not permit the production of EGCG which can be added to food 
products because the solvents mixture used (acetone/tetrahydrofuran/ chloroform) are not food-approved. 
[0007] While the art describes the production of catechins as mixtures, there is still a need for a simple, safe and 

35 economic process for producing EGCG in a purified form for incorporation as an ingredient into supplements and food- 
stuffs. 

[0008] It has now been found that EGCG can be separated from a mixture of tea catechins and/or caffeine with 
improved selectivity when carrying out the separation using a macroporous polar resin and a suitable polar elution sol- 
vent. 

40 [0009] Thus, the present invention is directed to a process for producing epigallocatechin gallate (EGCG), which 
comprises the steps of 

a) providing a green tea extract; 

b) subjecting the green tea extract to a chromatography on a macroporous polar resin at a temperature in the range 
45 of about 10° C to about 80° C; 

c) eluting EGCG from the macroporous polar resin with a polar elution solvent at a temperature in the range of 
about 10° C to about 80° C and at a pressure in the range of about 0.1 bar to about 50 bar; 

d) optionally concentrating the eluate of step c); 

e) optionally regenerating the macroporous polar resin by desorbing the remaining catechins; and 
so f) optionally concentrating the desorbed catechins of step e). 

[0010] The production of the green tea extract used as starting material is well known in the art. For example green 
tea leaves are typically extracted with hot or cold water to form a solution containing tea catechins and caffeine . This 
green tea solution can be further concentrated to form either a concentrated extract solution or a dry powder. The 
55 extract solution or the powder can contain stabilizers such as food-approved acids, e.g. citric acid, ascorbic acid, iso- 
ascorbic acid and the like. 

[0011] Tea extract powders are also commercially available e.g. from Guizhou Highyin Biological Product Co., Gui- 
yang, R R. China, or Zhejang Zhongke Plant Technical Co. Ltd., Hangzhou, Zhejang, P. R. China. 
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[001 2] The separation of EGCG is typically carried out by subjecting the green tea extract to a column filled with 
macroporous polar resin. 

ESLn C US , e ^ he ; ein ' " macro P orous polar resins" refers to acrylic resins such as polyacrylates e.g. AMBERL- 
rTE®XAD-7 available from Rohm and Haas, Philadelphia, Pa. or polymethacrylates such as e.g. AMBERCHROM • 

mLJ ™T <T T ° S ° " aaS ° f D,A,ON HP 2MG avai,able from M'tsubfshl Chem. Corp., Philadelphia. Pa; or polya- 
mides such as Polyam.de 1 1 available from Merck, Darmstadt. Germany; Polyamide 6 and Nylon 6 6 available from 

EMS a Che C m,e ^S^fTfT ^ ^ ™ 2 ' ^ ' 12 < Gri,amid L 25 ^ SK2 from 

potyes^r Switzerland;, or Polyvinylpyrrolidone P 6755 available from Sigma; or aromatic polyamides and 

io [001 4] The resin is preferably operated degassed and equilibrated with the elution solvent 

on?;! 1 f The ,, Pr0 ? e !. S accordina t0 tne lnve ntion * performed at temperatures in the range of about 1 0» C to about 

therm: . n ^ 4 °° ° * 3b ° Ut 6 °° °' Thermosta,ic control can *S- take place by placing the column in a 

thermostatically controlled area e.g. a heating jacket. /fa 

ELc hyd ^ ulic K P ressure under wh «h the mobile phase is passed through the column can be varied within 
wide limits. The mobile phase ,s preferably pumped through the column at a pressure of about 0. 1 bar to about 50 bar 
preferably at about 0.1 bar to about 20 bar, more preferably at about 0.1 bar to about 10 bar 

SSl'L-n 7 ^ m ° b " e p 1 hase . c ° m P rIses a P° ,ar elution solvent which is a mixture of water and an organic solvent. As 
used herein, organic solvent' refers to alcohols, such as methanol, ethanol. isopropanol and the like, and ketones such 
l e ;^ e '° ne outers such as ethylacetate or mixtures thereof. The use of food grade alcohols, such as ethanol and 
LbT, ° " k P ?!T e t Partlcularly 9° od resu "s ^e obtained when using a mobile phase comprising a mixture of 
about 70 to about 95 vol*, preferably about 90 vol%, of water and about 5 to about 30 vol%, preferably about 10 vol% 

e g nTo^o'Jgon' 8 adVanta9e ° US * d6gaS and mobi,e P hase and kee P » ""der an inert atmosphere such as 

h?, 1 81 - r, T 0° C °!r, n fe conditioned wi,h the mobile Phase. The flow rate of the mobile phase through the column can 

t„ r'n^: W, f 6 " mitS • f '° W ratS iS the ran9e 0f about °- 5 10 about 20 bed vSume«rt,. preferably about 0 5 
to about 1 0 bed volumes/h. more preferably of about 0.8 to about 5 bed volumes/h. (1 bed volume corresponds to 1 m 3 
solution or solvent per m 3 resin). 

[0019] After the equilibrium has been established between the stationary and mobile phases, tea extract solution is 
ntroduced into the mobi.e phase, thus, subjecting the green tea extract to a chromatography on the macroporous po,ar 
res n. If a green tea extract powder is used as the starting material, the powder is dissolved in the mobile phase. If an 

'' US advantage0USt ° adjUS,the ra,i0 of watert0 ^anic solvent in the extract to that 
or tne mobile phase by adding organic solvent. 

[0020] . A key aspect of the present invention is to treat the green tea extract with a macroporous polar resin at tem- 
aoo^ln r , an9 f T h ab ° Ut 1 °° ° 10 ab ° Ut 8 °° C> Preferab,y at ab0Ut 40 ° C to about 60 ° C and a '"ting EGCG with 
X ■ Part ' CUlar interP ' ay ° f ,he three f6atUreS ° f reSin ' eluent and temperature forms an Important 

feinf H H, Pr6Se T nt, ,° n and ' eadS 10 8 SpedfiC Separati0n 01 EGCG ,rom a mbrture ° f te a catechins andL caf- 
STJJT.tJT?' S u er elUt ' 0n an EGCG fra0ti ° n containi "3 at '^st 75 % , preferably more than 85%, more prefer- 
concentrat 97 %> °' EGGG Ca ' CU ' ated °" t0,al am0Unt ° f Catechins P resent in extract or 
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Edinn 2« ?* ma <=roporous polar resin to absorb caffeine, EGCG and the remaining catechins is different 
depending also on the eluent used and the temperature. The affinity for caffeine is less than that of EGCG thus caf- 

Tcu^^lw T t6 VJT an ° ° an be Separat6d ^ ' f appr0priate * is a,so P° ssible 10 rec ° ve ' caffeine thereby in 
a purified form wh,ch could be an economic advantage, too. A second fraction is isolated in which the EGCG is present 
The remaning tea catechins show a stronger affinity than that of EGCG, thus, remaining adsorbed until the resin is 
™ hT^ T 9 , 1 S °' Ven !. WhiCh 13 ab ' e ,0 deS0,t> the remaining catechins - For exam P' e . the remaining catechins 

nha i V 6 9 W 3 PUre ° rganiC S ° ,Vent ° r by Chan9ing the ra,i0 of water t0 ° raanic solvent in the mobile 

phase. A su table regeneration solvent is e.g. a pure organic solvent or a mixture of about 10 vol% to about 60 vol% of 
TZ! about 40 vol% to about 90 vol% of organic solvent, preferably about 40 vol% of water and about 60 vol% 
or organic solvent. 

™l a t, rt n T xr 0 c^ rat , i0n ° f the EGCG the e ' Uate ° an be carried out by methods we " k "°«n in the art, e.g. by 
Z JTIT 16 ° an 66 eva P° rated 10 dl * ness to form a powder containing EGCG in high purity or con- 

foo ^ ™l a J l0W . rf Crystalll2a ! i0n - T he conception can be carried out by adding a stabilizer to the eluate such as a 

^JSSSSSS EGCG orbic acid and the ,ike - ^ acid is preferab,y added in an 

b^lentr^ th6 """" a " d the ° f Ste P e > contai " j " g »• -techins can 

n°r^2= Pr ?, CeSS ^V 36 Carri6d ° Ut USing a Sing,e co,umn or a system of mu,ti P' e chromatographic columns. The 

process can also be carried out using technologies of the art referred to in the art as 'simulated moving bed chroma- 
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tography" or "annular chromatography". 

[0025] The process of the present invention can be conducted with simple and economical operations and is thus 
applicable to a large scale production in respect of yield and handling. 

[0026] EGCG prepared as described above possesses a strong antioxidant activity and can thus be used as an 
5 antioxidant for various foodstuffs, cosmetics, oils and so forth. In addition, EGCG has an antimutagenlc effect, an anti- 
bacterial effect and also a beneficial effect on cholesterol level In blood. Thus, concentrates or pure EGCG are useful 
in health care preparations. 

[0027] The present invention is illustrated in more detail with reference to the following examples. 

10 Example 1 Separation of EGCG 

[0028] A green tea extract containing the different catechins and caffeine (manufactured by Guizhou Highyin Bio- 
logical Products Co., Guiyang, China as "Green Tea Extract, min 95 % of polyphenols") was used as starting material. 
The concentration of the tea components was determined by HPLC using UV absorbance and expressed as wt.-%. The 
15 content of EGCG, caffeine, other catechins as well as gallic acid is shown in Tab. 1 . 



Tab. 1 



20 



Concentration of the tea components in the starting material 


Compound 


Tea extract Example 1 
HPLC /wt.-% 


Tea extract Example 1 
Relative Percentage /% 


Gallic acid 


0.01 


0.0 


Catechin 


2.3 


3.2 


Caffeine 


11.0 


15.1 


EGCG 


38.1 


52.3 


Epicatechin 


5.2 


7.1 


GCG 


6.6 


9.1 


ECG 


9.7 


13.3 


Total 


72.9 


100.0 



35 

[0029] 33.5 I (26 kg) of Amberlite® XAD-7 resin having a particle size of 0.3 to 1 .2 mm were filled into a pilot scale 
column having an inner diameter of 150 mm, a length of 2 m and a volume of 35.4 I. The column was equipped with a 
heating jacket. The resin was thoroughly washed with water and equilibrated with a mixture of water/isopropanol (ratio 
9:1 by volume). The apparatus and the solvents used were degassed and kept under an inert nitrogen atmosphere prior 
40 to use. 

[0030] The filled column was thermostated to 60° C. 0.4 kg of the above green tea extract (Tab. 1) containing 1 52.5 
g of pure EGCG were dissolved in 1 .8 kg of a mixture of water/ isopropanol (ratio 9:1 by volume) and applied to the top 
of the column. EGCG was eluted from the column by means of a pump under a pressure of 0.5 bar and a temperature 
of 60° C with a mixture of water/isopropanol (ratio 9:1 by volume) at a constant flow rate of 50 kg/h. After an initial eluate 
45 of 144 kg (prefraction), a main eluate of 174 kg was collected containing 1 12g of EGCG as the main polyphenol com- 
ponent. The EGCG concentration in the main eluate was 0.064 %. The yield of separated EGCG starting from 152.5 g 
EGCG in the tea extract was 73.5%. 

[0031] To regenerate the resin, the remaining catechins were desorbed by eluting with 78.3 kg of a mixture of 
water/isopropanol (ratio 4:6 by volume). Before the next separation, the column was conditioned with 86 kg of a mixture 
so of water/isopropanol (ratio 9:1 by volume) in backwash mode at a flow rate of 1 20 kg/h. 

[0032] Table 2 illustrates the separation effect as shown by the relative percentage of EGCG. The concentration of 
the tea components in the main eluate was determined by HPLC using UV absorbance and expressed as wt.-% or ppm. 
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Example 2 



Tab. 2 



Concentration of the tea components in the main eluate 



Compound 


Main fraction Example 1 
i HPLC/ppm 


Rel. Percentage /% 


Gallic acid 


0 


0.0 


Catechin 


21 


3.0 


Caffeine 


1 


0.1 


EGCG 


644 


92.1 


Epicatechin 


29 


4.1 


GCG 


3 


0.4 


ECG 


1 


0.1 


Total 


699 


100.0 



S p. f Xam P'^ 1 Was re P eated usin 9 anoth *r lot of the -Green tea extract, min. 95% of polyphenols- from Guizhou 
Highyin Biological Products Co. which was composed as shown in Table 3. ^uiznou 



Tab. 3 



35 



45 



50 



Concentra 


tion of the tea components in the starting material 


Compound 


Tea extract Example 2 
HPLC/wt.-% 


Tea extract of Example 2 
Rel. Percentage /% 


Gallic acid 


0.1 


0.1 


Catechin 


1.4 


1.9 


Caffeine 


13.8 


18.8 


EGCG 


35.1 


47.9 


Epicatechin 


3.3 


4.5 


GCG 


8.2 


11.2 


ECG 


11.4 


15.6 


Total 


73.2 


100.0 



S th» L ♦ ° ° EXample 1 WaS thermostated ««> 60' C and used to carry out the separation 0 4 kg 

wJJr/i^n ^"w a o 6Xt, ! Ct °" ab - 3) C ° ntainin9 140 5 9 of P ure EGCG were dissolved in 1.8 kg oi a mwSI of 
watetfsopropanol (rat,o 9:1 by volume) and applied to the top of the column. The column was then eluted as delr bed 

arnted Frrr Tt * P ? P TJ ' com P° nent " The E °CG concentration in the main eluate was 0.062 %. The yield of sep- 
arated EGCG starting from 1 40.5 g of EGCG in the tea extract was 51 .8% P 
[0035] To regenerate the resin, the remaining catechins were desorbed by eluting with 100 ka of a mixture of 
water/isopropano. (ratio 4:6 by volume). Before the next separation step, the column was cond Zed wl iHo of a 
mixture of water/isopropanol (ratio 9:1 by volume) in backwash mode at a flow rate of 120 kg/h 9 
[0036] Table 4 illustrates the separation effect as shown by the relative percentage of EGCG The concentration of 
the tea components in the main eluate was determined by HPLC using UV absorbance and ew esTed a 1 Com 
pared to Example 1, EGCG was obtained In a higher percentage expressed as ppm. Com- 
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Tab. 4 



Concentration of tea components in the main eluate. 


Compound 


Main fraction Example 2 
HPLC /ppm 


Rel. Percentage /% 


Gallic acid 


0 


0.0 


Catechin 


10 


1.6 


Caffeine 


1 


0.2 


EGCG 


622 


96.4 


Epicatechin 


2 


0.3 


GCG 


6 


0.9 


ECG 


4 


0.6 


Sum 


645 


100.0 



20 

Example 3 Concentration of the eluate. 

[0037] 9008 kg of the eluate of the adsorption/desorption column prepared by repeated runs as described in Exam- 
ple 2 were stabilized by addition of 2% citric acid, calculated on the EGCG amount. The eluate was concentrated at a 
25 temperature of 40 °C and a pressure of 55 mbar using a falling film evaporator made from stainless steel with a heat 
exchange surface area of 1.1 m 2 . The amount of catechins and caffeine of the feed solution subjected to the evapora- 
tion unit is given in Table 5. 



30 Tab. 5 



Concentration of the tea components in the purified EGCG solu- 
tion subjected to evaporation. 


Compound 


Feed falling film evapora- 
tor HPLC /ppm 


Rel. Percentage /% 


Gallic acid 


0 


0.0 


Catechin 


10 


1.4 


Caffeine 


1 


0.1 


EGCG 


712 


96.2 


Epicatechin 


7 


0.9 


GCG 


7 


0.9 


ECG 


3 


0.4 


Total 


740 


100.0 



[0038] The feed flow to the evaporator was regulated to a flow rate in the range of 1 20 kg/h to 1 30 kg/h at a recycle 
so flow rate of 300 kg/h. Thus, the distillate flow rate was 123.5 kg/h at a bottom product removal rate of 0.52 kg/h. During 
the concentration process a first fraction was sampled and analyzed, followed by a second fraction which was analyzed, 
too. The two fractions of EGCG concentrates had a total mass of 63.5 kg. 

[0039] Tab. 6 shows the concentration of the tea components in the bottom products. The recovery of EGCG was 
95.9 %. The analytical result clearly indicates that the high purity of the separated EGCG could be maintained during 
55 the concentration of the solution. 

[0040] EGCG can be isolated from the concentrated solution in a solid form either by spray drying or by crystalliza- 
tion. 
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Tab. 6 Concentration of the tea components in the EGCG concentrate from the falling film 
evaporator. c 



5 


Compounds 


bottom product of falling film evaporator 
Composition Composition 






1 st fraction 


2 nd fraction 




10 




HPLC /wt 


Kei. 
Percentage 


HPLC/wt.- 

% 


Rel. Percentage 




Gallic acid 


0.00 


0.0 


0.00 


0.0 


15 


Catechin 


0.17 


1.5 


0.14 


1.6 




Caffeine 


0.01 


0.1 


0.02 


0.2 




EGCG 


10.70 


95.4 


8.07 


94.8 


20 


Epicatechin 


0.16 


1.4 


0.11 


1.3 




GCG 


0.13 


1.2 


0.13 


1.5 




ECG 


0.05 


0.4 


0.04 


0.5 


25 


Sum 


11.22 


100.0 


8.51 


100.0 




Total mass of 


39.0 kg 




24.5 kg 




30 


solution 
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Ssss :o,r e : pped with a heat,n9 jacket - The resin was *— - •» a ^1^x2^, 



SScal Produ°i Co feS ™£i i " *J , "' ea ^ min - 95% of P^'XPhenols" from Guizhou Highyin 
Aftewal 14 Ta^tS io^ 9 / ' T* d ' SS °' Ved in 20 ml of a mixture ° f water/ethanol (ratio 9:1 by volume) 

eluLThv J 9 ° f f ,h,S ( f° IUtl0n < corre spond,ng to 2.99 g of EGCG) were applied to the top of the column EGCG was 
tUSZJZ r , o f/° ma , t0 9 ra P hic P" m P und ^ * P^ssure of 2-3 bar at a temperature of 60 -C Xa mlS^ 
water/ethanol (ratio 9:1 by volume) under a constant flow rate of 16 ml/min. The eluent was deqassedand Ztl 

m,mra 9 n e dth tro0SPhe ? 7°7° ^ 80 initia ' ^ ° f ^ ' (P^ion). STnSlZJaS^K 
h" C « . 5 ' 4 ° ' W3S C ° ,,eCted C ° n,ainin9 EGCG in a concentration of 0.627 g/l Srespect ,o 
other catechms and caffeine, the purity of the EGCG in the main eluate determined by HPLCand expressed ZZ 

EZEZZ 9 ?*? During the experiment - the pressure in the s * stem ^^^SSSSSbTS 

Z T, T t b ' 7 C0mpar6S thS conoentrati °n °' the tea components in the eluate and in the stertnq mater af 
thus ,llus rating the separation effect as shown by the relative percentage of EGCG The concentration o f he tea com 

as 0 ~r o e om tar,in9 materia ' ^ ^ ™ «™ J^S^t^S^Z 
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Tab. 7 



Separation on AMBERCHROM CG-71c, 60 °C, solvent system: water/ethanol 


Compound 


Tea Concentrate (starting material) 
Example 4 


Main Fraction Example 4 




HPLC/wt-% 


Re I. Percentage /% 


HPLC/ppm 


Rel. Percentage /% 


Gallic acid 


0.08 


0.1 


0 


0.0 


Catechin 


O.50 


0.6 


1 


0.2 


Caffeine 


9.29 


11.3 


5 


1.2 


EGCG 


42.23 


51.4 


407 


97.1 


Epicatechin 


4.24 


5.2 


3 


0.7 


GCG 


8.09 


9.9 


1 


0.2 


ECG 


17.70 


21.6 


2 


0.5 


Total 


82.13 


100.0 


419 


100.0 



Example 5 

[0043] 450 ml of Amberlite® XAD-7, having a particle diameter of 0.3 to 1 .2 mm was packed into a laboratory enro- 
ls matography column made of glass having an inner diameter of 2.4 cm and a length of 100 cm. The column was 
equipped with a heating jacket and on the bottom with a glass sinter frit P3. The resin was thoroughly washed with 
deionized water and equilibrated with a mixture of water/ethanol (ratio 9:1 by volume) prior to use. 
[0044] 20 g of a concentrated catechin powder "Green tea extract, mm. 95% of polyphenols" from Guizhou Highyin 
Biological Products Co. (starting material) were dissolved in 20 ml of a mixture of water/ethanol (ratio 9:1 by volume). 
30 Afterwards, 1 4 g of this solution (corresponding to 2.91 g of EGCG) were applied to the top of the column. EGCG was 
eluted with a mixture of water/ethanol (ratio 9:1 by volume) with a constant flow rate of 1 6.9 ml/min at a temperature of 
60° C and a pressure of 0.5 to 1 bar. The eluent was degassed and kept under an nitrogen atmosphere prior to use. 
After an initial eluate of 2.48 I (prefraction), the flow rate was changed to 23.6 ml/min and the main eluate of 4.95 I was 
collected containing EGCG in a concentration of 0.470 g/l. With respect to other main catechins and caffeine, the purity 
35 of the EGCG in the main fraction determined by HPLC was 86.1 % (see Tab. 8). The yield based on EGCG was 79.8 
%. During the experiment, the pressure in the system varied from 0.5 to 1 bar depending on the flow rate applied. 
[0045] To regenerate the resin, the remaining catechins were desorbed by eluting with 1.35 I of a mixture of 
water/ethanol (ratio 4:6 by volume) at a flow of 22.5 ml/min. This fraction can also be used for further purification or sep- 
aration of the desorbed catechins. Table 8 compares the concentration of the tea components in the eluate and in the 
40 starting material, thus illustrating the separation effect as shown by the relative percentage of EGCG. The concentration 
of the tea components in the starting material and in the main fraction was determined by HPLC using UV absorbance 
and expressed as wt.-% or ppm. 



45 Tab. 8 



Separation on Amberlite XAD-7, 60 °C, solvent system: water/ethanol 


Compound 


Tea Concentrate (starting material) 
Example 5 


Main Fraction Example 5 




HPLC/wt.-% 


Rel. Percentage /% 


HPLC /ppm 


Rel. Percentage /% 


Gallic acid 


0.09 


0.1 


0 


0.00 


Catechin 


0.50 


0.6 


2 


0.4 


Caffeine 


9.17 


11.5 


7 


1.3 


EGCG 


41.16 


51.5 


470 


86.1 


Epicatechin 


4.16 


5.2 


5 


0.9 



8 



10 



20 



25 



30 
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Tab. 8 (continued) 



Se 


oaration on AmberJite XAD-7, 60 °C, solvent system: water/ethanol 


Compound 


Tea Concentrate (starting material) 
Example 5 


Main Fraction Example 5 




HPLC/wt-% 


Rel. Percentage /% 


HPLC/ppm 


Rel. Percentage /% 


GCG 


7.75 


9.7 


22 


4.0 


ECG 


17.16 


21.5 


40 


7.3 


Total 


79.99 


100.0 


546 


100.0 



Example 6 



[0046] The regenerated resin of Example 5 was equilibrated in the laboratory column described in Example 5 bv 
pumping a mixture of water/ethanol (ratio 9:1 by volume) through the resin. 

n^IL , p 2 °w °' a * on ° entrated catechin P° wder "Green tea extract, mm. 95% of polyphenols" from Guizhou Highyin 
Biology Products Co. (starting material) were dissolved in 20 ml of a mixture of water/ethanol (ratio 9:1 by volume) 
>k t . S0 ' Uti0n < corres P° ndin 9 to 3 04 9 ° f EQ CG) were applied to the top of the column. EGCG was 
e uted with a mixture of water/ethanol (ratio 9:1 by volume) with a constant flow rate of 22.5 ml/min at a column temper- 
ature of 40 C and a pressure of 1 to 2 bar. The eluent was degassed and kept under an nitrogen atmosphere prior to 

JlT^T T £ ' (prefract!on ) ,he ,low rate was to a flow rate of 26.3 ml/min and the main 

eluate of 4.73 I was collected. The EGCG concentration in the main eluate was 0.278 g/l. With respect to other main 
catechins and caffeine the purity of the epigallocatechin gallate in the main eluate determined by HPLC was 93 2 % 
The yield based on EGCG was 42.8 %. During the experiment the pressure in the system varied from 1 to 2 bar 
depending on the flow rate applied. 

[0048] To regenerate the resin, the remaining catechins were desorbed by eluting with 1.98 I of a mixture of 
water/ethanol (ratio 4:6 by volume) at a flow of 26.3 nWmin and a temperature of 40° C. This fraction can also be used 
for further purrf,cat,on or separation of the desorbed catechins. Table 9 compares the concentration of the tea compo- 
««^f'^r rf m Startin9 materiaL thUS i,lustratin 9 the separation effect as shown by the relative percent- 
md. r T , h ,f / co u nce 2 tration of the tea components in the starting material and in the main fraction was determined 
by HPLC using UV absorbance and expressed as wt.-% or ppm. 



35 



Tab. 9 



50 



55 



Separation on Amberlite XAD-7, 40 °C, solvent system: water/ethanol 



Compound 


Tea Concentrate (Starting material) of 
Example 6 


Main Fraction of Example 6 




HPLC/wt.-% 


Rel. Percentage /% 


HPLC/ppm 


Rel. Percentage /% 


Gallic acid 


0.08 


0.1 


0 


0.0 


Catechin 


0.51 


0.6 


3 


1.0 


Caffeine 


9.48 


11.3 


4 


1.4 


EGCG 


43.01 


51.4 


276 


93.2 


Epicatechin 


4.34 


5.2 


9 


3.0 


GCG 


8.23 


9.8 


2 


0.7 


ECG 


18.03 


21.5 


2 


0.7 


Total 


83.68 


100.0 


296 


100.0 



Example 7 



ume) 91 regenerated resin 0f Exam P ,e 6 was equilibrated with a mixture of water/isopropanol (ratio 9:1 by vol- 

[0050] 20 g of a concentrated catechin powder "Green tea extract, min. 95% of polyphenols" from Guizhou Highyin 
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Biological Products Co.(starting materia!) were dissolved in 20 ml of a mixture of water/isopropanol (ratio 9:1 by volume) 
by volume. Afterwards, 14 g of this solution (corresponding to 3.21 g of EGCG) were applied to the top of the column, 
and eluted with a mixture of water/isopropanol (ratio 9:1 by volume) with a constant flow rate of 18 ml/min at a column 
temperature of 60 °C. The eluent was degassed and kept under an nitrogen atmosphere prior to use. After an Initial elu- 

5 ate of 1.35 I (prefraction), the flow rate was changed to 16.5 ml/min and a main eluate of 2.03 I was collected . The 
EGCG concentration In the main eluate was 0.998 gfl. With respect to other main catechins and caffeine, the purity of 
the epigallocatechin gallate in the main eluate determined by HPLC was 85.7 %. The yield based on EGCG was 62.8 
%. During the experiment the pressure in the system varied from 1 to 2 bar depending on the flow rate applied. 
[0051] To regenerate the resin, the remaining catechins were desorbed by eluting with 203 I of a mixture of 

10 water/Isopropanol( ratio 4:6 by volume) at a flow of 1 6.5 ml/min and a temperature of 40° C. This fraction can also be 
used for further purification or separation of the desorbed catechins. Table 1 0 compares the concentration of the tea 
components in the eluate and in the starting material, thus illustrating the separation effect as shown by the relative per- 
centage of EGCG. The concentration of the tea components in the starting material and in the main fraction was deter- 
mined by HPLC using UV absorbance and expressed as wt.-% or ppm. 

75 



Tab. 10 



Separation on Amberlite XAD-7, 60 °C, Solvent system: water/isopropanol 


Compound 


Tea Concentrate (starting material) of 
Example 7 


Main Fraction of Example 7 




HPLC/wt.-% 


Rel. Percentage /% 


HPLC /ppm 


Rel. Percentage /% 


Gallic acid 


0.05 


0.1 


0 


0.00 


Catechin 


0.38 


• 0.4 


8 


0.7 


Caffeine 


9.48 


10.8 


28 


2.4 


EGCG 


45.42 


51.8 


998 


85.7 


Epicatechin 


4.38 


5.0 


16 


1.4 


GCG 


8.80 


10.0 


35 


3.0 


ECG 


19.12 


21.8 


80 


6.9 


Total 


87.63 


100.0 


1165 


100.0 



35 

Example 8 

[0052] The regenerated resin of Example 7 was equilibrated with a mixture of water/isopropanol (ratio 9:1 by vol- 
ume). 

40 [0053] 20 g of a concentrated catechin powder "Green tea extract, min. 95% of polyphenols" from Guizhou Highyin 
Biological Products Co.(starting materia!) were dissolved in 20 ml of a mixture of water/isopropanol (ratio 9:1 by vol- 
ume). Afterwards, 14 g of this solution (corresponding to 3.1 0 g of EGCG) were applied to the top of the column. EGCG 
was eluted with a mixture of water/isopropanol (ratio 9:1 by volume) with a constant flow of 1 6.9 ml/min at a column tem- 
perature of 40 °C. The eluent was degassed and kept under an nitrogen atmosphere prior to use. After an initial eluate 

45 of 2.48 I (prefraction), the flow was changed to 23.66 ml/min and a main eluate of 4.95 I was collected. The EGCG con- 
centration in the main eluate was 0.370 g/l. With respect to other main catechins and caffeine, the purity of the EGCG 
in the main fraction determined by HPLC was 86.4 %. The yield based on EGCG was 59.2 %. During the experiment 
the pressure in the system varied from 1 to 2 bar depending on the flow rate applied. 

[0054] To regenerate the resin, the remaining catechins were desorbed by eluting with 2.03 I of a mixture of 
50 water/isopropanol (ratio 4:6 by volume) at a flow of 16.5 ml/min and a temperature of 40° C. This fraction can also be 
used for further purification or separation of the desorbed catechins. 

Table 1 1 compares the concentration of the tea components in the eluate and in the starting material, thus illustrating 
the separation effect as shown by the relative percentage of EGCG. The concentration of the tea components in the 
starting material and in the main fraction was determined by HPLC using UV absorbance and expressed as wt.-% or 
55 ppm. 
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Tab. 1 1 



Sepg 


■ration on Amberlrte XAD-7, 40 *C, Solvent system: water/isopropanol 


Compound 


Tea concentrate (starting material) of 
Example 8 


Main fraction of Example 8 




HPLC/wt.-% 


Rel. Percentage /% 


HPLC/ppm 


Rel. Percentage /% 


Gallic acid 


0.20 


0.2 


0 


0.0 


Catechin 


0.49 


0.6 


4 


0.9 


Caffeine 


9.21 


10.8 


6 


1.4 


EGCG 


43.74 


51.5 


370 


86.4 


Epicatechin 


4.23 


5.0 


14 


3.3 


GCG 


8.50 


10.0 


11 


2.6 


ECG 


18.52 


21.8 


23 


5.4 


Tbtai """[ 


84.89 


100.0 


428 j 


100.0 



Exsmale-S Separation of EGCG over Polyamide 11 using organic solvents 



Tab. 12 was used as th* ™ ZZZ. T-T"* >™™?' n * catecnlns a " d «**«• in an amount as shown in 
UV absorbance. 9 concentration of the tea components was determined by HPLC using 



Tab. 12 



40 



45 



55 



Concen 


tration of tea components in the starting material 


Compound 


Tea extract HPLC /wt.-% 


Tea extract Rel. Percent- 
age/% 


Gallic acid 


0.01 


0.0 


EGC 


2.02 


3.0 


Catechin 


0.78 


1.2 


Caffeine 


8.48 


12.5 


EGCG 


36.87 


54.5 


Epicatechin 


4.48 


6.6 


GCG 


4.77 


7.1 


ECG 


10.22 


15.1 


Total 


67.63 


100.0 



[0056] 250 3 of a commercially available Polyamide 11 (Cat No 1 07/iT?ninn «ri„;„i, a ■ 
having a particle size of 5-40 microns were susDended in V™ Zl >H ' 9 MeTCk ' Darmstadt . Germany) 

inner diameter of 5 cm and a \eZth "of 36 ^ fZ? , V aC6tate and transferred «nto a column having an 

3 9 of the starting gre^ 

of ethyl acetate and SS^TSS^SS^ 12. contam.ng 1.1 1 g of pure EGCG were dissolved in 153 ml 
1000 ml ethyl JZ2^t&%^J^j£ a< f ate/e,ha "°' fluent elution (500 m, ethyl acetate. 
v*» u^ipnmX^SS^ r V/V) ' 2000 m ' 6thy ' acetate/ " ha "<* 0:1 

«1 To'gene:^^ 
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aration, the column was conditioned with 500 ml of ethyl acetate. 

[0058] Table 13 illustrates the separation effect. The concentration of the tea components in the main eluate was 
determined by HPLC using UV absorbance. 

Tab. 13 



Concentration of tea components in the residue of the main eluate 
(after solvent evaporation) 


Compound 


Residue of main fraction 
HPLC /wt.-% 


Residue of main fraction 
Rel. Percentage /% 


Gallic acid 


0 


0 


EGC 


0 


0 


Catechin 


0 


0 


Caffeine 


0 


0 


EGCG 


77.40 


96.4 


Epicatechin 


0.05 


0.1 


GCG 


0.74 


0.9 


ECG 


2.07 


2.6 


Total 


80.26 


100.0 



25 

Example 10 Separation of EGCG over Polyamide 1 1 using aqueous solvent mixture 

[0059] An aqueous green tea extract solution containing catechins and caffeine in an amount as shown in Tab. 14 
was used as the starting material. The concentration of the tea components was determined by HPLC using UV 
30 absorbance and expressed in wt.«% 



Tab. 14 



Concentration of the tea components in the residue of the starting 
tea extract solution (after solvent evaporation) 


Compound 


Tea extract HPLC /wt.-% 


Tea extract Rel. Percent- 
age/% 


Gaiiic acid 


1.36 


4.8 | 


EGC 


3.61 


12.6 


Catechin 


1.45 


5.1 


Caffeine 


6.89 


24.1 


EGCG 


10.14 


35.5 


Epicatechin 


1.59 


5.6 I 


GCG 


0.99 


3.5 


ECG 


2.51 


8.8 


Total 


28.54 


100.0 



[0060] 25g of Polyamide 11 (Cat. No. 1.07435.0100, origin Merck, Darmstadt, Germany) having a particle size of 
5-40 microns were suspended in 100 ml water and the pH adjusted to 6.5. This suspension was transferred into a col- 
55 umn having an inner diameter of 3 cm and a length of 8 cm. 10 ml of the above green tea extract (Tab. 14) containing 
0.078 g of pure EGCG were applied to the top of the column. A water/ethanol gradient elution (500 ml water, 600 ml 
water/ethanol (7:3 v/v), 350 ml water/ethanol (6:4 v/v), 500 ml water/ethanol (1:1 v/v)) with a flow of 5 ml/min afford a 
main fraction of 1 1 0 ml (0.072 g) containing 0.046 g EGCG. The EGCG concentration in the main eluate was 0.06 %. 
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The yield of separated EGCG starting from 0.078 g EGCG in the tea extract was 59 % 

2, jzsz w^s^ss^ 3 no1 desort5ed the remainin9 catechins - Before - - -p- 

SL^XZ^*23S? effect The concentration of * e tea — - — — was 



Tab. 15 



10 


Concentration of the tea components in the residue of the main frac- 






tion (after solvent evaporation) 




Compound 


Residue of main fraction 


Residue of main fraction 






HPLC /wt-% 


Rel. Percentage /% 


15 


Gallic acid 


1.10 


1.6 




EGC 


0.00 


0.0 




Catechin 


1.29 


1.9 




Caffeine 


0.00 


0.0 


20 


EGCG 


63.53 


91.7 




Epicatechin 


0.00 


0.0 




GCG 


0.16 


0.2 


25 


ECG 


3.20 


4.6 




Total 


69.28 


100.0 



£xamelfi_U Separation of EGCG over Amberlite XAD-7, solvent system: water/ethanol 

30 S were T" T'" 9 V""" P " rBoto U ^ a P artic,e ^eter between 0.3 and 

12 mm were fil led mto a laboratory chromatography column made from glass (ECO 25/999 M3V-K from Staoroma A« 

eSssedtw! '.i™ C0ncentratlon ° f the components was determined by HPLC using UV absomance and 



Tab. 16 



45 



Concentration of tea components in the starting material 


Compound 


Tea extract of Example 
13 HPLC /wt.-% 


Tea extract of Example 
13 Rel. Percentage /% 


Gallic acid 


0.1 


0.1 


EGC 


8.6 


10.1 


Catechin 


1.9 


2.2 


Caffeine 


6.2 


7.3 


EGCG 


40.3 


47.4 


Epicatechin 


10.4 


12.2 


GCG 


0.9 


1.1 


ECG 


16.6 


19.5 


Total 


85.0 


100.0 
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[0064] 1 1 .2 g of the starting green tea extract, characterized in Tab. 1 6, containing 4.5 g of pure EGCG were dis- 
solved in 1 12.5 ml of deiontzed water and applied to the top of the column. The catechins were eluted with a mixture of 
water/ethanol (ratio 9:1 by volume) with a constant flow of 0.6 l/hour at a column temperature of 60 °C. The eluent was 
degassed and kept under an nitrogen atmosphere prior to use. 
5 [0065] After an initial eluate of 1 .2 1, the composition of the eluent was changed to water/ethano! 8:2 by volume. This 
elution with a total amount of 1.5 I afforded a main fraction of 900 ml containing 2.1 15 g EGCG. The EGCG concentra- 
tion in the main fraction was 0.245 %. The yield of separated EGCG starting from 4.5 g EGCG in the tea extract was 47 
%. During the experiment the pressure in the system varied from 0.8 to 1 .5 bar. 

[0066] To regenerate the resin, the elution was continued with a mixture of water/ethanol 4:6 by volume, thus etha- 
10 nol desorbing the remaining catechins. Before the next separation, the column was conditioned with water/ethanol 9:1 
by volume. 

[0067] Table 1 7 illustrates the separation effect. The concentration of the tea components in the residue of the main 
fraction (after evaporation of the solvent) was determined by HPLC using UV absorbance and expressed as wt.-%. 



Tab. 17 



Concentration of tea components in the residue of the main fraction 
(after solvent evaporation) 


Compound 


Residue of main fraction 
of Example 13 HPLC 
/wt.-% 


Residue of main fraction 
of Example 13 Rel. Per- 
centage /% 


Gallic acid 


0 


0 


EGC 


0 


0 


Catechin 


0.6 


0.7 


Caffeine 


0.3 


0.3 


EGCG 


81.4 


94.5 


Epicatechin 


1.7 


2.0 


GCG 


0.2 


0.2 


ECG 


1.9 


2.2 


Total 


86.1 


100.0 



Claims 



1. A process for producing epigallocatechin gallate (EGCG), which comprises the steps of 

40 

a) providing a green tea extract; 

b) subjecting the green tea extract to a chromatography on any macroporous polar resin commonly used for 
adsorption or chromatography at a temperature in the range of about 10° C to about 80° C; 

c) eluting EGCG from the macroporous polar resin with a polar elution solvent at a temperature in the range of 
45 about 10° C to about 80° C and at a pressure in the range of about 0.1 bar to about 50 bar; 

d) optionally concentrating the eluate of step c); 

e) optionally regenerating the macroporous polar resin by desorbing the remaining catechins; and 

f) optionally concentrating the desorbed catechins of step e). 



so 2. A process according to claim 1 , wherein the macroporous polar resin is selected from the group consisting of poly- 
acrylates, polymethyacrylates, polyamides and polyesters. 

3. A process according to claim 2, wherein the polyacrylate resin is AMBERLITE ®XAD-7. 

55 4. A process according to claim 2, wherein the polymethacrylate resin is AMBERCHROM ® CG-71 . 

5. A process according to claim 2, wherein the polyamide resin is Polyamide 1 1 . 
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6. A process according to any one of claims 1 to 4, wherein steps b) and c) are carried out at a temperature in the 
range of about 20° C to about 60° C. 

.... -* i r . • 

7. A process according to any one of claims A to 5," wherein step c) is carried out under a pressure of about 0.1 bar to 
5 about 20 bar, preferably of about 0.1 bar to about 10 bar. 

8. A process according to any one of claims 1 to 6, wherein the polar elution solvent is a mixture of water and an 
organic solvent. 

10 9. A process according to claim 7, wherein the elution solvent is a mixture of about 70 vol% to about 95 vo!%, prefer- 
ably about 90 vol%, of water and about 5 vol% to about 35 vol%, preferably about 1 0 voI%, of an organic solvent. 

10. A process according to claim 7 or 8, wherein the organic solvent is ethanol, isopropanol, ethyl acetate or acetone. 

is 11. A process according to any one of claims 1 to 9, wherein the flow rate of the elution solvent is in the range of about 
0.5 to about 20 bed volumes/h, preferably about 0.5 to about 10 bed volumes/h, more preferably of about 0.8 to 
about 5 bed volumes/h. 

12. A process according to any one of claims 1 to 10, wherein step d) is carried out by adding citric acid, ascorbic acid 
20 or isoascorbic acid. 

13. A process according to claim 1 1 , wherein the acid is added in an amount of about 0.1 to about 2.5 % with respect 
to EGCG. 

25 14. A process according to any one of claims 1 to 12, wherein step e) is carried out by using a pure organic solvent or 
a mixture of about 1 0 to about 60 vol% of water and of about 40 to about 90 vol% of organic solvent, preferably 
about 40 vol% of water and about 60 vol% of organic solvent. 



30 



40 



50 
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